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Effect of Carvedilol Alone or with Cyclosporine on the
Proliferation of Rat Vascular Smooth Muscle Cell

Myoung Soo Kim, M.D."¥, Yu Seun Kim, M.D."¥, Hunjoo Ha, PhD."
Jehyun Park ', Haejin Kim® and Kiil Park, M.D."}

Departments of *Surgery and TPharmacc)logy, Yonsei University College of Medicine,
’De?artment of Surgery, Yonsei University Wonju College of Medicine,
Research Institute for Transplantation, Yonsei University, Korea

Purpose: Typical pathologic lesions of chronic allograft rejection or transplant vascular sclerosis are
similar to arteriosclerotic vascular lesion of non-transplant patients, or vascular remodeling process after
vascular injury. Abnormal and excess proliferation of vascular smooth muscle cells (VSMC) which are
triggered by endothelium-derived cytokines or growth factors, play a major role during these process.
Effective prophylactic or therapeutic strategies against chronic rejection or transplant vasculopathy is not
yet clearly established. Recent in vitro cell culture study showed that carvedilol, a novel antihypertensive
agent has the significant inhibitory activities against the proliferation of VSMC. Methods: Using in vitro
VSMC culture techniques, we measured anti-proliferative activity of carvedilol alone, or in combination
of cyclosporine, a basic immunosuppressive agent for transplantation. Growth-arrested early passage (3-5)
cultured VSMC from the aorta of rat (Sprague-Dawley) were exposed to platelet derived growth factor
(PDGF), endothelin-], or antiotensin-ll, respectively. Carvedilol andfor cyclosporine was added as inhi-
bitors. Proliferation was assessed by incorporated ['H]-thymidine activity. Results: PDGF stimulated
mitogenesis most effectively. Carvedilol inhibited mitogenesis in dose-dependent manner in the presence
of PDGF (10 ng/ml). Compared to control, proliferation was significantly decreased to 60.3 (+10.9)%
and 18.3 (£5.9)% in the presence of 1 M and 10 4M of carvidilol, respectively (p<0.05, each).
Carvedilol also produced significant concentration-dependent inhibitory activities against VSMC stimu-
lated by endothelin-1 (10 nM) and angiotensin-II (100 nM). The ICs of carvedilo! in PDGF-, endothelin-1,
and angiotensin-ll-stimulated VSMC were 1~10 ¢M. Cyclosporine (100 nM) did not show significant
inhibition of VSMC regardiess of the kinds of cytokines. However, combined addition of carvedilol and
cyclosporine produced significant VSMC inhibition. The pattern of inhibition in combined group was
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very similar with that of carvedilol alone group regardless of the kinds of cytokines. Conclusion: We
demonstrated that carvedilol significantly inhibited the proliferation of VSMC regardless of the kind of
cytokines, and even under the presence of cyclosporine in VSMC cultures. These indicated that carvedilol
has the unique potential to reduce the development of transplant vasculopathy when used with cyclo-

sporine in hypertensive renal transplant recipients.
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Aol F A7) PERANA LA o]A 379
TAA RS2 ofAlAl 44le] Faffloen oB
sted mipd 3~5%9] o]4] AldAe] WAt gl
o 2% W AR cyclosporine?] Foolx &
Tl olel WAARURES] wiEs A Lt
A %3 ol FF ARl F AU YEE sl
Ale HAAARNLSe #He] 7 AlFE HdoE
HEElA k).

T ARNES-o] Wl el obA7tAl WEE A &
A A govt FAARNT] J9Y, =2AAY
B9 BUx, 82 % H Al (suboptimal im-
munosuppression) 5-2] WA UL BE 1Y
o, IAAF, T4l 158U AYEF ¥FHe-
duced functional nephron mass) 59} viH & ¢
Azt wiolalx HHF E2 BEFU ¥4 AE3io
3 )M E(endothelial cell)oll4] o12] FF2l cyto-
kineo| e} Hulsol(2) 2 AH# H#FT(media) W
oll 9)X% "M W3 M FE(vascular smooth muscle
cell)e] F4|(proliferation)d} WA EF o0 2e] HEYZ
AE2] o] F/ 78 Y(migration)e] FAF W FAloi
A XE 2] 7] (extracellular matrix) Eo] AA}sled vt
Z-A]Z(intimal hyperplasia), ® 7] $}Z:(transplant vas-
cular sclerosis)® A1-§-3(fibrosis) & X#lsied "t
72 ) AY(proliferative obstructive angiopathy)-g ©f7]
st A7 7 $Z(glomerulosclerosis) S Xalslo] A
719] ¥4 sleEAlschemic injury)g& YoTle
Reo g A9Ez k35 & €3 HuAX, 93
HYZAE, A A E(macrophage) 12|31 HIF F
o] AE7} o8] Al A Z+F cytokine (IL-1, IL-6,
PDGF, £ -FGF, endothelin 5)-& Y-8}3} A (autocrine
EY= paracrine $-H]) o] Tl FARct wepd o

2% 433305 YAy AstdA e 4 DAl
A BH|ElE cytokine] EulE AAlSAVG €U
g9 FAoht olF WAE #FU4E dAMslo
of sledo} gt ezt 7 Al Y] cytokined-H]
& AANA dudel AR A WUy
& ot &d nprt gleh,e).

#HaAmtA o)A F FeiddAAzE Assln e
cyclosporinecl] 2]3t W3 HYT AX] FAAAA
e uv|dl HAez Byl W(7,8) mycophenolic
acid(9-1)\} rapamycin(10-13) 9] A2 =
A-g v]FE3}o] HMG-CoA reductase inhibitor(14,15),
angiotensin converting enzyme inhibitorq) enalapril(/6,17),
doxazocin(18) L&)l carvedilol(19-23) £2] AlA|7}
AZAYH FEAENA 83 HEYS AXe F4
£ AAY F g8l e YA Il vl
of rapamycin(24), doxazocin(/8) I12]3l carvedilol(l9)
59 AAle HET SAAAelx g3 HYS 4
29 F% o) E/FFAAAAE Xz gle A
2 Bua gl

v A 2E "9 AAIQ] mycophenolic acidi}
rapamycin®] A8 o)l g3 a4 AR
22 EE oA3AllAl HEslrlele olege] A
v} Wb AAtel4] Fell 25~60% AHE9 AU}
od] Udell % Y3t XNEAE FRslojo}
g s B AlAel4] I carvedilol?] Fof
v 8¢ Astase B 99 e Axe 34
AAMag HAol4Al Hauiye] (AE AsA
244403 = 29g Aeg Jd¥ & itk oy
B A7 "] 485U FHAA A cyclospo-
rined}t §A] 29 X8 AIQ carvedilolS T Fof
st ®B BYE AE FAAANERE in vivo
AYez FYss] Akl AT
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D YA UiSY WES Mze #al % ule

71Ee] AEEEUGIHE 7822 7 WY
stlch. A=l w42 (male, Sprague-Dawley rat, 200~
250 gmyE Fete] QAT ohE, BReL FHo|
AFAMNES R HFERE dEYE el
ot AEF HEWE penicillin (100 U/ml)$} strep-
tomycin (100 mg/ml)o] ¥-3-%1 4°C phosphate buffered
saline (PBS)ell dol WiEHozhe] A=z g
of & AAY 2, FulF collagenase (activity
253 U/mg, Worthington Biochemical Co., Greehold,
NJ, USA)7} 9§53 Eagle’s minimum essential
medium (EMEM,; Sigma Chemical Co., St. Louis, MO,
US.A)uRekY 7.5 mig} Zro] 15 ml A]¥ ¥ (Coming,
Coming, NY, U.S.A)ol 23 37°Cell4] 308 59k 4t
227}t o] hE=HE] adventitia I endothelium-g
dissecting microscope (Olympus SZ 40, Olympus Opti-
cal Co.,Tokyo, Japan)&}lollA] forcep& o]-&&}e] ulg)
& ¥ razor blade2 ZA #girh o] AMES oA
collagenase’} &-4% EMEM skl 75 milo] W1
37°Colld 1~ 1.54)17+5<t 9r-3-A170 k8, 1,000 rpm
oA SEZF YRS 4FAL eEln & A
X+ collagenasert Fg=o] A 942 EMEMe) =
BHAZ. ol2l% AL 28] VY o, YR
gate] FHAL vz 3 MEE 10% Selotd
A (fetal calf serum)o] ¢33 EMEMI ¥4 35 mm
wjok§7]ell BFste] 37°C, 5% CO, humidified incu-
batorol| 4] wiokslgich ueksl MELE anti- o;-actin anti-
body (DAKO Japan Co., Kyoto, Japan)& o] &3t =i
z3 e ag APt WY AEYL HU
st

2) MX ZAlel WJh: [Hjthymidine incorpora-
tioni# O} B8t DNA #t4dE &3

wWoF7loA  FEs g MAEE  uypsi/EDTA
(0.25%/0.1%) % X a2l%t 3 96 well w8 7](Coming,
Coming, NY, U.S.A)ol Z} welld 1x10°79] HE7}
HES EF8« confluenceE o] FA i3ic} o] A
¥E€ insulin (5 g/ml;" Sigma Chemical Co., St. Louis,
MO, USA)°] #71¥ 10% $elolgHe] #63

: Carvedilole] g HEF ME Z4o vixl= d 3

EMEM wliofio g 7242 wiokst ¥ €4ull4] EMEM
o 48A1ZFSF wdstd FA4E AAR F PDGF-
BB (Sigma Chemical Co., St. Louis, MO, US.A)E
well 9 H%7} 10 ngmie g %2 Hrlsio] 24
AZHEY FAE 2A7 ¥ PHlthymidine (Du Pont
Co., Wilmington, DE, U.S.A.)& 7} wellol] 2 £Cimlg}
52 Hrlela, 6X17F X vk EE cell harvester
(Titertek Cell Harvester 550, Flow Laboratories, Irvine,
Scotland, UK.)E o]£3lo] cell harvester filter (Flow
Laboratories, Irvine, Scotland, UK.)oll &F&A1AH AL
oA o 6X|2E A=A T,
cocktailell ¥ 3L beta-counter (TL 5000s, Beckman In-
struments Inc., Fullerton, CA, US.A)E F A5
25330t

47149 FAF48UAE PDGF (platelet derived
growth factor)(10 ng/ml)(&)& AB-3l= ol2jof] 71&E
9] cyclosporineol] 9% AE4 W "WikdZFe] {4
Q1z+g 4|3l endothelin-1 (10nM)(21,25)3} angiotensin-
I 100nM)28) & 7+ g whfez 3hod A3
At

3) gRImoiet ABEY WA

3 ml scintillation

Cyclosporine-2 50 mg/mie] AF8 <kA(0.042 M)
2 EMEMoE 3 4sle] ALsl¢ct. CarvedilolE
DMSO (dimethyl sulfoxide)ell o 1 mMZ 9HE ©}
& F 20 pL¥ BF3ld —-70°Cell B@agict. Car
vedilole] FRAYFEE AN A A5 5
59 1 uM, 10 M2 A5, cyclosporines]
55 100 sME 31385l cyclosporine®} carve-
dilol F9] FAle FAFUAR Fof 158 Hell F
oF 83T

=2 FAFLAAY AE FoARRA g
o8 AdAeden, 4¥97e 432 F4FEY
29t v]Eo] EoE]e cyclosporine 9 carvedilol2]
Wi tel Fxd wekq © §EUA 45 Fo
T, @ cyclosporine F-o35F, @ carvedilol 1 uM ¥-of
o, @ carvedilol 10 uM FoF, ® cyclosporined}
carvedilol 1 xM WEFoF, @ cyclosporined} carve-
dilol 10 uM WPESF oz AR5}

4719 triplicate W o2 747 53] A}
gich.
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13]19] Z=AAE triplicate® ZAY [Hjthymidine
incorporation®] &A% HFgez uYEsiyed,
7+ 449 AT 539 A AY HFLEF
HAH(Standard deviation)Z EAsgrh. obgd =4
Axe] vaE Sjste] AREAA oo FAHL
A&t E-FoFell ¥t S 2 E-&(percentage proli-
feration; cpm in stimulator plus drug-treated sample X
100/cpm in stimulator-treated sample) & A&l F4]
A E(relative proliferation)& EAlslglct. ¥ #2ke} F
AHQ vlaE v2ed FAMH Mann-Whitney
U-testE, 37 ol4e FAIEHQY HliEe Kruscal-
Wallis test& ©]-8-3fo] Pgle] 0.05 w|gkel Z-fell #
Aol gle Aoz BAH U

@ i}
D SARWEIKC ofgt BYZ MEQ A&

=< [‘Hlthymidine incorporation Z4X|&
4,809.4+1,763.0 cpmojglen F4] Fo) EHAXE
PDGF 10 ng/ml Al4F2 17237.6+7,6008 cpm,
endothelin-1 10 nM A8-F2 7903.6+2,371.4 cpm,
angiotensin-I 100 nM AH8-7-2 9,330.2+3,170.0 cpm
olsich §elzts] ZAHE PDGF AHEFE o)
Z72| 3.58u(+0.72), endothelin-1 A& 1.69:)
(£0.25), angitension-Il Al-8-F& 2.018(+047)E %
Ao f2A8 FYRLERE HAHp<0.05).
PDGF A-§FollA9] FAE %= endothelin-1 AL
¥} angiotensin-ll AL-2F3 wlsle] FARHoZ §
o8t Zo]E Eo] PDGF 10 ng/mloljA]e] Z=A] futy
#7b 73 s ckFg. D).

2) Cyclosporine?| SA{Y R ZE I} (Fig. 2)

4 el|A] A8 7}58F cyclosporine 100 nM2] F%E
ol 48] [Hlthymidine incorporation %42} PDGF
ALFLS 11,049+33119 cpm (67.41+10.2%), endo-
thelin-1 AF&F-& 55122+1,729.0 cpm (71.6+£16.9%),
angiotensin-Il A}-§7--2 7,085.2+1,633.0 cpm (78.7%
112%)22 FAE 5% cytokined] F-Foll weha
cyclosporine?] FAAAMA ] Ko7t Ut F
PDGFE FAfUdAz ASG Zfdic HT

25000 7

pm)

C

= 20000 A
15000
10000 -

5000 [{—l
0

Control

*
| m
Endo- Angio-
thelin-1 tensin-li
Fig. 1. Effects of PDGF, Endothelin-1, Angitensin-II on
vascular smooth muscle cell proliferation. *p<

0.05 vs. control, Tp<0.05 vs. control and
Endothelin-1/Angiotensin-II group.

H3-Thymidine incorporation

PDGF

£ 250007 [ Stimulated control
I Il Stimulator + CsA
5 200007 |p<005*
®
8 15000 - p>0.05
8 p>0.05
£ 10000
[on
b=l
£ 5000 A 1
>
=
% b T
PDGF Endothelin-1  Angiotensin-Il

Fig. 2. Effects of cyclosporine on PDGF, Endothelin-1,
and Angiotensin-II induced vascular smooth
muscle cell proliferation. *p-value calcuated by
Mann-Whitney U-test, tindicate the control level.

674%2 FAo| o]FA FAIYHoR [AF F4
A A ATE Kl Wi (Fig. 2, p<0.05), endothelin-13}
angiotension-I1g  F4]HHURE AL Lol
FAGHo2 % FAYAANE WAY Ut
AR cHFig. 2, p>0.05).

3) Carvedilol2| ZA|HX BT} - Carvedilol HF
BT (Fig. 3)

PDGF AH4-Foll4l carvedilol 0379 [*Hjthymidine
incorporation EAXE 1 M FEOAE 9,807.8%
2,649.6 cpm, 10 p M FENAE 3,0324+1,155.0 cpm
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1009 —a— PDGF

~o— Endothelin-1
—s— Angiotensin-i!

P<0.05*

Proliferation percentage (%)*
b

!

1M IC50
Carvedilol concentration

10 uM

Fig. 3. Inhibitory effect of carvedilol on the smooth mus-
cle cell proliferation. *p-value calculated by Kru-
scal-Wallis Test, Tprolifemtion percentage (%) =
(cpm in stimulator +drug treated sample/ cpm in
stimulator treated sample) X 100.

22 carvedilol?] Fx7l F71E5 A GAEGI}
Faalglth. F 1 uM9] carvedilodl S FolAE =
AFEQAR dEFo el vlste 60.3+104%9 =
Alo}, 10 uM2] carvedilol ¥-ofFoll4] & 18.3+5.9%9]
ZFAjgke] FEslo] Zhtvlel Al A2 9u|glE
2ol & E.rHp <0.05).

o]#1 & carvedilol?] PDGFE $53 Bz e] 24
AAEAE & FARFLUA AR TANE FUT
ZA3E <¢lo] endothelin-13} angiotensin-1l A}-8-F-olj 4]
1 pM2] carvedilo Foi79] Goidel F4] HxL2
247} 548+153%8} 68.7+16.6%0lgl o, 10 uMS)
carvedilo F-of 72 AH ZFAE-2 247 11.6+32%
9} 153+4.2%2 FAFEAR dEFAFE EE
1 uM2] carvedilo FoiFHE FAIGHoT Fog
o] & Hrh(p<0.05). o}-&# endothelin-17} angio-
tensin-Il A}-8-72] carvedilol®] FXol W& Ab= el
FA A= PDGF A3 vliste] FAGHo2
froldt zpolzt glod carvedilol FA]fdbeizle] &
Foll #Algle]l AR FAAALNE 7HAE & F
A ct.

¥ A7 AT 2P carvedilol®] ICse2 1 pMF
10 uM AelQlg FHE 4 UUch

4) Carvedilolll} cyclosporine HEHEO{Q] F4A|Q
H&Dk(Fig. 4~6)

PDGF Al-8-Fol|l4] cyclosporine®} carvedilol 1 M

PDGF stimulated group
1007 =3 Without CsA

g p>0.05 Ml With CsA
& 751 *
8
qC) *
e
L 50
5 p>0.05
5 251 L
5
[al}

Stimulated Carvedilol Carvedilol

control 1uM 10 uM

Fig. 4. Effect of carvedilol in the presence and absence
of cyclosporine on PDGF-induced smooth muscle
cell proliferation. *means p <0.05, vs. stimulated
control, 'means p<0.05, vs. stimulated control
and carvedilol 1 #M group. CsA = cyclosporine.

Endothelin-1 stimulated group

100 1 ] Without CsA
2 B With CsA
& p>0.05
& 751 *

[0}

E *

[13]

O

§ 501

c

3

kS i p>0.05

5 % Yy

o

£ =
Stimulated  Carvedilol Carvedilol

control 1uM 10 uM

Fig. 5. Effect of carvedilol in the presence and absence
of cyclosporine on Endothelin-1 induced smooth
muscle cell proliferation. *means p<0.05, vs.
stimulated control, " means p<0.05, vs. stimul-
ated control and carvedilol 1 uM group. CsA =
cyclosporine.

£ Wisde A%, PHithymidine incorporation 73
X 867.6+2,649.6 cpm (51.7164%)o 8 ZAl44
A&} dEFoiFol izl FATHoz {od
ZAAANEHRE Hlew, cyclosporined} carvedilol
10 uM-E HEFA S FFollE 3,0256+1,3474 cpm
(17.8+5.9%)2] F4& Ho FAHFEAA S5Fo
& EE cyclosporined} carvedilol 1 M3} wvjZs}
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Angiotensin-Il stimulated group

100 7 p>0.05

8 £ T [ZJ Without CsA

§ 75 4 Bl With CsA

T

Q)

e

g 501

<

£ p>0.05

g 251 Tt

=

s B
Stimulated Carvedilol Carvedilol

control 1 uM 10 uM

Fig. 6. Effect of carvedilol in the presence and absence
of cyclosporine on Angiotensin-II-induced smooth
muscle cell proliferation. *means p=0.047, vs.
stimulated control, T means p<0.05, vs. stimul-
ated control and carvedilol 1 4M group. CsA =
cyclosporine.

o FAYAH2 FoY FHAAEFHAE EAp<
0.05)(Fig. 4). L& } cyclosporine®} carvedilol ¥ 45
o7e FAATE 2L FEY carvedilol =%
T FAAEY vzsy FAIgHeg fog A
o] LAY 7 AUAcHp>0.05)(Fig. 3). F carve-
dilol®] FA]MEI cyclosporine?] FFoll A4
glo] carvedilole] FEo) weld AALE ¢ F 9
At

o|g}¥t PDGFAE-TollA9] cyclosporined carvedilol
o] WgFole) FA QA= o E FA]FEUAY
endothelin-13} angiotensin-Il A}-&-FollAE 72 73}
£ 9lo], cyclosporine®} carvedilol?] #{FojFe] &
A A EZE carvedilol?] FEF-JFH} vlzsle] F
Aoz Fout xolg UAY F UUTHp>0.05)
(Fig. 5, 6). AEHog Y4Hoz Age] 758
F59 cyclosporinex= carvedilol®] H¥F F2 A
Hitol ot S wHAE gkt

A
A RG] AR o4 A9 AR FAF
d 2% el A2 YB WS T A%

Hatolch. ol 23 £4L FAH A€ XY
F Aol WY W 27 AN wiRiv

(1,39 olv ¥& 2 % UAE HEAGSE $T
Bge Ay AHE FARE A4S " o]
Aol WAsE BAARENES A e whelEle
%e Hakgol FA B¢ F ddde €9 A4y
e J|Hez WAARNEY JAE Addsen
e A7t Aol stk g8 AgelA g wlell
wzm FA 3¢ F dAse 849 Ay ¥
T ol wE gy e o] AT F A
ollell ¥ F W] HES AT F4o] A2ty
2, FAE HET AXJL g3 Jizte g o] F3ed
Axel 7139 AXE ¥4 98 el HPS
A X7 % FASHAl Ho] A EH o] #H
Hol Jehdrh o] #ANA WA W HYD
Az 4 9 Yl WYl i Ao wEw
PDGFE u]&3lod basic fibroblast growth factor
(b-FGF), epidermal growth factor (EGF), endothelin-1,
angiotensin-Il o] FAell Joislie Aoz gl
AcH2,67). wetA § ATl E H HEZ F
Alg ksl QA E PDGF, endothelin-1 9 angio-
tensin-I§ 77 A8sigls 2 fUURe FodFE
7€ Ria82120F F=3te ARG £
in vitro AQAE F HU9 FAYEE FA ¢
kel F-Feoll v} o]zt glo] PDGFY % F44
Uayzl b 2EEde $U9ssc € dATeld
o] 4% [‘Hithymidine incorporation® DNA #AEo
2 AEpste FA% 4RBA7} el2L27) €
HYE AE FA AEE FH3c

71Ee A AAF Mg FEAsA AL
cyclosporine®] ¥4 HEL FA LA AG 7€
Eay HAHo|H78). & IEX9 cyclosporinest
AL fo% FAGALNI} IFHAT HA Y
A%¥ 59 ICs (inhibitory concentration 50%)7} cyclo-
sporineol] &8t MEFA ] vebd + v TR
dA4H o 2= BTl o#de] v Ae=
2asla k. B dFAE g4HoZ AL 7}
S5 AEFAE HelA gve EFeEol sl
£ cyclosporine 100 nM2 AHFEE nAysAY
v}, PDGFE Z4o] #E% 7 -FollAut cyclosporine
o o3 HYPT AEe] FAGAE HIT F AN
21} o] HA FAAAH =T} 50% v|re J4H
o2 1 ZFE JIdE F e FEL ohed,
o2 F4 Gl Aol A fod FAAARAE B
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B odFelA #eld carvedilold] ¥ HYZ AL
o] FAAA NS 1993 o] F Hay J|ES] Hn
(19-22)9} w]$=5}od, carvedilol 1 uMI} 10 uM E5
ollA cytokines®] F-Foll WAlGle]l FAd FAIYA
#3-E BYdh F olE carvedilol?] FAHAAE
vele 71"e] #zhel FA54UAe] 8ol
AgA 2 FLuchr| Boe FEARE A2EE A
29 FEFNAE A% A& AA%T A
Az WA HEGZ AEE o] 88 MTAUYAA car-
vedilol-e A|XEAo] HLH A9  mitogen-activated
protein (MAP) kinase& A3l AEF7le] AHE
ARGt 2agvl Uckes). ¥ dFE ETEH o
Buo MEAHA carvedilold] FA]dAEIA=
carvedilol?] ol wet4] wizlHoz FIgE B
sl givh9-2). vy AYRAZ AP Ba
(19,2954 carvedilol®] ICse2 1 uMKr} <7t &
< Ao Bz Jon E dFdAE 1 pMHY
10 M Atolell R5-& ¢ 4 Ut Carvedilol 1 xM
7 10 M BE7L JAFo s ALoMed EEYE
AeHictu30) B A9 43 HIE FHAAE
At carvedilol?] YAH AEE HY HAE 4€H
3 ZAE AEH F32 Uk

53] ¥ in viro AN Aol Al $kA el Al A
d4Hez gol] ALY + U 4FA cyclospo-
rine? ] WilFole] B-9E A= carvedilol
o] FAAAEAFAE cyclosporined] HIFoAE #
Algle] carvedilole] ¥Eoll wiel vz ew Jeld
£ 8UAA Fich

a2t ol2i% carvedilole] W@ HEFe] FAY
AEFeNT B3l carvedilol®] THAIAFuEEol)
FAdAeF €T AFHE AAY Ao vieted 4
E =39 oAE qivh ojn] e <A oz g
Aoz whAsle 9375 ¥ HEE AL
9 Z42 BEE HYS AEY yFoze) oF
(migration)® 4oll 7lelsle Aoy Bausz gleon}
3-5 BA7A Y in vitro A¥ & carvedilol?] °o}F
AAEotel] Y Ry FAdAETN g En
o] mlstel oy AMEEHelrh(19). )Tt carvedilolo]
AqAete AeF U2 MAP kinase7} A EF Aol
Fodsls A AlEo]|Fo Fodzie Z|Zle A
o}7} Qrhe HT K27} carvedilol®] F4]< |

€ AY ICso¥ o) FHAE A ICo7te] Apo]lE B
ke B(I9E At € HE2d A
A5} o] A Tkl £HE Ho)r} g Aoz 34
g 47t ik webA] carvedilol®] o] %< Al HL ol
&t in viro WAE in viveo AYS EE Wi HY
= AlXe F4oh} olFHg el 7Hel J AT
Asgsiojol ¥ Ao Audr)

ZEHOZ carvedilol® in vito AYF FAHY
ARZ FESE WA FEZ AX] FAE L3
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